open failure (the switch is permanently OH and fails to be on) with probability O < c1 < 1/2, (2) closed failure (the switch is permanently on and fails to be o~with probability O <~z < 1/2, and (3) normal state (the switch functions correctly) with probability 1 -c1 -C2.
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For the simplicity of notation, we assume that c1 = C2 = c. Given O < e < 1/2 and O < .?~~. There is an explicit constric- To see the invariance with respect to the value of 6, we suppose that O <61~62<
1, and that @ is an (c, 62)-n- In this paper we show that the size and depth of (c, 6)-n-superconcentrators, (e, 6)-rearrangeable n-networks, and (c, 6)-non-blocking n-networks are @(n(log n)2) and e(log n).
The overall strategy is that we shall prove the i2(n(log n)z) and C?(log n) lower bounds for size and depth of an (1/4, l/2) -n-superconcentrator, and we shall construct (10 -6, 6)-non-blocking n-networks with Note that if each of the 3j edges on one of the n/42 paths is in closed state, two inputs of@ will contract to a single vertex, and the result will certainly not be an n-superconcentrator. Since this can happen with probability at most 1/2, we have 1 -(1 -(1/4) 3~)ni42 < 1/2.
If we set j = (1/6) log2(n/42 in 2), we obtain a contradiction using the inequality (1 -%)Y < e-'g.
Thus if
we set j = (1/8) log2 n, we obtain a contradiction for all sufficiently large n. A Theorem 1 Let@ be a (1/4, l/2) -n-superconcentrator. For all sufficiently large n, @ has size at least
(1/256 )n(log3 n)z and depth at least (1/8) log2 n. 
The Upper Bounds
In this section we shall explicitly construct (10-6, 6)-non-blocking n-net works with O(n(log n)2 ) edges and O(log n) depth for arbitrarily small 6. The basic building blocks of the construction are (c, c', t)-expanding graphs and (1, w)-directed grids. A (c, c', t)-expanding graph is a bipartite directed graph with two distinguished sets oft vertices called inlets and outlets respectively, where every set of c inlets is joined by edges to at least c' outlets (that is, for every set C of c inlets, there exist a set C' of c' outlets, such that for every outlet {' in C' there is an inlet ( in C and an edge (~, <')). The constructions of (an, tm, n)-ezpanding graphs (where O < a < b <1 are constants) with linear sizes (with respect to n) are quite standard.
See Bassalygo and Pinsker [BP] for the probabilistic version,
and Gabber and Galil [GG] for the explicit construction.
(It needs to mention that the first explicit construction was presented by Margulis For an input, an output, or a vertex other than inputs or outputs and not faulty, it is said to be idle if it is not involved in these paths, bus~otherwise.
Say an (idle) vertex (l has access to another (idle) vertex (z if there is a path of idle vertices from cl to /j2. It is clear that if~1 hss access to <2 and & has access to 63, then (1 hss access to (3. A network N is a majority-access network if, given any set of directed paths from inputs to outputs, every idle input has access to a majority (strictly more than half) of the outputs.
Lemma 3 Given a set of directed paths from inputs to outputs in T, and let~be an idle input. The probability that~has access to at least 32-47 -i-1 vertices in the last stage of G< is at least 1 -C14Y+3(28. 74e)4'+' where c1 = 1/(1 -(2 . 746)).
Proof. Consider an arbitrary subset C'"of32-4~vertices in the last stage of 4(. The probability that~does not have access to any vertex in C' is at most c1 -64.47(74. 2c) < [1 + 2te2')12s0"4" < e006"4', j=l since 2ee2E < 0.06/1280 when c = 10-6, and (1 + $)y < exv. Thus the probability that there are more than 0.07.
2P outlets faulty is at most eOOG@-0.0T4P = e-10-Z.4JI.
A Lemma 5 The probability that there exists a (32 -4P, 33.07. 4~, 64. 4~)-expanding graphs in rL with more than 0.07 .4P faulty outlets, y~p~v + y -1, is !ess than c24u+1e-10-24', where C2 is a constant less than 2.
Proof. It is simply a problem of counting the number of expanding graphs with respect to the number of outlets. 74c)47+' -c~4"+1e-10-24', the mirror image of~R is a majority-access network.
We observe that if TL and the mirror image of TR are both majority-access networks and the inputs and outputs of T are distinct (no two input or output contracting to a single vertex), then T contains a non-blocking 4" network.
Lemma 7 With probability at most 447+ 7C3(40C)128"4', where C3 = 1/(1 -40e), there exist two input or output <1 and (z thai contract to a tingle vertex, Proof.
The correctness of the lemma follows four observations.
Firstly, any simple path that links <I and <~and contains no other input or output must contain at least 128.47 edges. Secondly, for any 1~128.47, there are at most (64 . 4~)2 (40)~-2 such paths of length 1, since the degree of inputs and outputs is 64.47, and that of the other vertices is at most 40. Thirdly, the probability that a path of length 1 gets "shorted" (all edges on the path are in closed failure state) is less than $. And lastly, there are at most (2 . 47)2 such input or output pairs. A Theorem 2 T is an (10-6, 6)-non-blocking n-network with at most 2560n(log4 n)2 edges and 3 logq n depth for arbitrarily small 6, when n is sufficiently large.
Proof. It is clear that T contains at most 2560n(log4 n)2 edges and have 3 log4 n depth. And we notice the probability that T fails to contain an non-blocking n-network is less than 2(c14~+3(2s . 74 . 10-6)47+1 -c24"+1e-lo-'47 ) + 44~+7c3(40 -10-6) 128"47, by Lemma 6, Corollary 2, and Lemma 7. This value can be arbitrarily small when n = 4" and 7 = llog4(512v)j are sufficiently large. A
